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inverter switching control signals at a second switching
frequency 1n response to the iverter current being greater
than the second threshold, and to provide the inverter
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response to the inverter current being less than the first
threshold, where the second switching frequency 1s less than
the first switching frequency and the third switching fre-
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SWITCHING FREQUENCY AND PWM
CONTROL TO EXTEND POWER

CONVERTER LIFETIME

BACKGROUND INFORMATION

The subject matter disclosed herein relates to power
converters and extending the lifetime thereof.

BRIEF DESCRIPTION

Methods, non-transitory computer readable mediums, and
power conversion systems with a controller configured to
provide modulated inverter switching control signals at a
first switching frequency in response to an mverter current
being greater than a first threshold and less than a second
threshold, the second threshold being greater than the first
threshold. The controller 1s further configured to provide the
inverter switching control signals at a second switching
frequency 1n response to the iverter current being greater
than the second threshold, and to provide the inverter
switching control signals at a third switching frequency 1n
response to the inverter current being less than the first
threshold, where the second switching frequency 1s less than
the first switching frequency and the third switching ire-
quency 1s greater than the first switching frequency.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a schematic diagram of a motor drive power
conversion system with selective space vector pulse width
modulation or discontinuous pulse width modulation
(SVPWM/DPWM) 1nverter operation and switching {re-
quency adjustment to mitigate IGBT switching loss and
extend system service life 1n accordance with one or more
aspects of the present disclosure.

FIG. 2 1s a flow diagram of a method of operating a power
conversion system according to further aspects of the dis-
closure.

FIG. 3 1s a signal diagram showing modulation switching
frequency control in the power conversion system of FIG. 1.

DETAILED DESCRIPTION

Referring now to the figures, several embodiments or
implementations are hereinafter described 1 conjunction
with the drawings, wherein like reference numerals are used
to refer to like elements throughout, and wherein the various
features are not necessarily drawn to scale. Power converters
and associated operating configurations and methodologies
are presented hereinafter for extending system lifetime by
control of inverter switching frequency and/or inverter
PWM technique, 1n which different inverter PWM switching
frequencies are used for different output current loading
levels. While these concepts are illustrated and described 1n
the context of AC motor drives, they may be employed with
other forms of power conversion systems, and the present
disclosure 1s not limited to the illustrated examples.

Motor drives and other power conversion systems use
inverter switches to convert DC iput power to provide AC
output power to drive a load. One type of iverter switch 1s
an 1nsulated-gate bipolar transistor (IGBT). Other types
include silicon, gallium nitride, silicon carbide, or other field
ellect transistors (FETs). Inverter switches are turned on and
ofl at relatively high frequencies by pulse width modulated
(PWM) switching control signals. Durmg the on state, the
motor drive inverter switches experience conduction losses
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2

associated with the on-state resistance (e.g., drain-source
on-state resistance or RDSON) and the current and voltages
of a given design. Conduction loss 1s generally fixed and
determined by load profile. Switching losses occur when the
inverter switch transitions between the on state and the off
state.

Described examples use selective switching frequency
adjustment and/or selective application of different PWM
switching techniques to adjust switching loss. In certain
examples, the adjustment or adjustments are done by a
power converter controller 1n generating the inverter switch-
ing control signals such that the change 1n inverter switch
case temperature 1s reduced, to thereby extend the system
lifetime. Failure of an IGBT or other inverter switch type 1s
an 1mportant factor in determining or estimating power
converter product lifetime. Manufactured switch devices,
such as IGBTs have multiple important failure modes that
occur at different time scales (e.g., second or minutes),
including bond wire cracking/lift-ofl that 1s caused by power
cycling over several seconds, as well as die-attach solder
tailure that 1s mainly caused by thermal cycling and changes
in the device case temperature Tc over minutes. Disclosed
examples reduce mverter switch device case temperature
variation Alc, and thereby improve (e.g., lengthen) the
lifetime of the power conversion system. In certain imple-
mentations, even slight reduction of ATc can considerably
increase the inverter switch module lifetime.

FIG. 1 shows an example motor drive power conversion
system or power converter 10. The power conversion system
10 receives single or multiphase AC mput power from an
external power source 2. The illustrated example recerves a
three-phase mput, but single phase or other multiphase
embodiments are possible. The power conversion system 10
includes an input filter circuit 20, 1n this case a three phase
LCL filter having grid side inductors L1, L2 and L3 con-
nected to the power leads of the power source 2 as well as
series connected converter side inductors 1.4, LS and L6.
The filter circuit 20 further includes filter capacitors C1, C2
and C3 connected between the corresponding grid and
converter side inductors and a common connection node,
which may but need not be connected to a system ground.
Other alternate input filter circuit configurations can be used,
including without limitation LC filters. The power conver-
s1on system 10 also 1includes a rectifier 30 (also revered to as
a converter) with rectifier switching devices S1-56, a DC
bus or DC link circuit 40 with a DC bus capacitor C4, and
an output inverter 50 with iverter switching devices
S7-S12. In another implementation, a passive rectifier 1s
used, having rectifier diodes or SCRs (not shown) to rectifier
input AC power to provide a DC bus signal V , . across the
DC bus capacitor C4. In another example, the rectifier 20 1s
external to the drive 10, and the system 10 includes DC 1mnput
terminals for connection to an external active or passive
rectifier (not shown) to receive DC mput power to operate
the output inverter 50. In one example, that the mverter 50
1s connected with a DC source for S7-S12 IGBT thermal
cycling improvement.

A controller 60 operates the rectifier 30 and the inverter 50
via a rectifier controller 62 and an inverter controller 66,
respectively. The controller 60 also includes a switching
frequency and PWM control component 70 that controls a
switching frequency FSW of the inverter 50 according to a
current associated with the power conversion system, such
as the mverter output currents provided to the motor load 4.
The switching frequency and PWM control component 70 1n
one example 1s a firmware or soitware component with
instructions stored 1 a memory of the controller 60 and
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executed by a processor of the controller 60. The switching
frequency and PWM control component 70 has a first output
72 that provides a PWM mode control signal SVPWM/
DPWM having one of two possible states that control the
PWM mode implemented by the inverter controller 66, for
example, to selectively implement space vector pulse width
modulation (SVPWM) 1n generating inverter switching con-
trol signals 66a or to implement discontinuous pulse width
modulation (DPWM) 1n generating the inverter switching,
control signals 66a. The switching frequency and PWM
control component 70 has a second output 74 that provides
a selected switching frequency FSW signal that 1s used by
the inverter controller 66 to generate the modulated inverter
switching control signals 66a to operate the switches S7-S12
of the mverter 50.

In one example, the controller 60 and the components 62,
66 and 70 thereof are implemented as any suitable hardware,
processor-executed software, processor-executed firmware,
logic, and/or combinations thereof. The controller 60 can be
implemented largely in processor-executed software or firm-
ware providing various control functions by which the
controller 60 receives feedback and/or input signals and/or
values (e.g., setpoint(s)) and provides rectifier and inverter
switching control signals 62a and 66a to operate the respec-
tive rectifier switching devices S1-S6 and the inverter
switching devices S7-S12 to convert mput power for pro-
viding AC output power to drive the load 4. In one example,
the controller 60 and the components therecol are imple-
mented 1n a single processor-based device, such as a micro-
processor, microcontroller, FPGA, etc. In another example,
or one or more ol these are separately implemented 1n
unitary or distributed fashion by two or more processor
devices of the power conversion system 100. The controller
60 receives various mput signals or values, including set-
point signals or values for desired output operation, such as
motor speed, position, torque, etc., as well as feedback
signals or values representing operational values of various
portions of the power conversion system 10. Among these
are a DC bus voltage feedback signal or value representing
the DC bus voltage V , ..

The example power conversion system 10 of FIG. 1
implements an active front end (AFE) including a switching
rectifier (also referred to as a converter) 30 that receives
three-phase power from the source 2 through the filter circuit
20. The rectifier 30 includes the ROCKWELL rectifier
switches S1-S6, which may be insulated gate bipolar tran-
sistors (IGBTs) or other suitable form of semiconductor-
based switching devices operable according to a correspond-
ing rectifier switching control signal 62a to selectively
conduct current when actuated. Operation of the rectifier
switches S1-56 1s controlled according to pulse width modu-
lated rectifier switching control signals 62a from the rectifier
controller 62 to provide active rectification of the AC mput
power from the source 2 to provide the DC bus voltage V
across the DC bus capacitor C4 1in the DC link circuit 40.

The inverter switching devices S7-S12 are coupled to
receive power from the DC bus 40 and to provide AC output
power to the motor load 4. The 1nverter switching devices
S7-S12 are operated according to the inverter switching
control signals 66a from the inverter controller 66, and can
be any form of swtable high-speed switching devices,
including without limitation IGBTs, FETs, etc. The inverter
switching controller 66 provides the modulated inverter
switching control signals 66a to operate the output inverter
50 according to a desired output for driving the motor load
4, for example, including one or more open and/or closed
loop regulators or controllers (e.g., PID or PI control com-
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4

ponents), such as to control a motor rotor position, speed,
torque or combinations thereof. The switching frequency
and PWM control component 70 in one example operates
according to one or more motor operation setpoints, and one
or more feedback signals or values. In one example, the
switching frequency and PWM control component 70 selec-
tively determines one or both of the PWM mode control
signal SVPWM/DPWM and the selected switching {re-
quency FSW signal according to one or more feedback
signals or values 76 that indicate an inverter current or
currents associated with the inverter 50.

In one example, the controller 60 receives one or more
teedback signals or values associated with the inverter
output currents IU, IV and IW idividually associated with
a corresponding one of the three output phases. The con-
troller 60 computes an average or mean inverter current
IMEAN as the average of one or more rms phase output
currents [Urms, IVrms, IWrms of the inverter 50 based on
the output current feedback signals or values. The inverter
switching devices S7-512 are coupled to receive DC 1nput
power and to provide AC output power to drive aload 4. The
controller 60 1s configured to provide modulated inverter
switching control signals 66a to operate the inverter switch-
ing devices S7-5S12 at a selected switching frequency FSW
to provide the AC output power according to the inverter
current IMEAN. In this example, the controller 60 1s con-

figured to control the inverter switches S7-S12 according to
the PWM mode and switching frequency inputs SVPWM/

DPWM and FSW from the switching frequency and PWM
control component 70.

The switching frequency and PWM control component 70
compares the computed inverter current IMEAN 1n each
control cycle with non-zero first and second thresholds TH1
and TH2, respectively, where the second threshold TH2 1s
greater than the first threshold THI1. In one example, the first
threshold TH1 1s less than 0.3 times a rated current of the
power conversion system 10, such as 0.2 times the rated
current 1n one 1mplementation. In this or another example,
the second threshold TH2 1s greater than 0.8 times the rated
current of the power conversion system 10, such as 1.0 times
the rated current 1n one implementation. In one example, one
or both of the thresholds TH1 and/or TH2 1s or are user
configurable. Based on the comparison and transitions of the
inverter current IMEAN and the thresholds TH1 and TH2,
the switching frequency and PWM control component 70
generates the PWM mode control signal SVPWM/DPWM at
the first output 72 and generates the switching frequency
output signal FSW at the output 74. In response to the
SVPWM/DPWM and FSW signals, the inverter controller
66 provides the modulated inverter switching control signals
66a to operate the mverter switching devices S7-S12.

In operation of one example, the controller 60 provides
the modulated inverter switching control signals 66a at a
non-zero first switching frequency F0 1n response to the
inverter current IMEAN being greater than the first thresh-
old TH1 and less than the second threshold TH2. In this
example, the controller 60 provides the modulated inverter
switching control signals 66a at a non-zero second switching
frequency FL 1n response to the inverter current IMEAN
being greater than the second threshold TH2, where the
second switching frequency FL 1s less than the first switch-
ing frequency F0. The controller 60 1n this example also
provides the modulated inverter switching control signals
66a at a non-zero third switching frequency FH 1n response
to the mverter current IMEAN being less than the first
threshold THI1, where the third switching frequency FH 1s
greater than the first switching frequency F0. In one
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example, the second switching frequency FL 1s less than 2
kHz, such as about 1.33 kHz 1n one implementation. In this
or another example, the third switching frequency FH 1s
greater than 3 kHz, such as about 4.00 kHz 1n one imple-
mentation. In one example, one, some or all of the switching
frequencies F0, FL. and/or FH are user configurable.

In one example, the controller 60 1implements a non-zero
amount of hysteresis i1n the relative values of the thresholds
TH1 and TH2 to provide more stable inverter output control.
In one immplementation, the controller 60 transitions the
switching frequency FSW of the mverter 50 from the third
switching frequency FH to the first switching frequency FO
in response to the inverter current IMEAN transitioning
above the first threshold TH1, and transitions the switching
frequency FSW of the inverter 50 from the first switching
frequency FO0 to the second switching frequency FL 1n
response to the mverter current IMEAN transitioming above
the second threshold TH2. In this example, the controller 60
transitions the switching frequency FSW of the mverter 50
from the second switching frequency FL to the first switch-
ing frequency F0 in response to the inverter current IMEAN
transitioning below the second threshold TH2, and transi-
tions the switching frequency FSW of the inverter 50 from
the first switching frequency FO to the third switching
frequency FH in response to the mverter current IMEAN
transitioning below the first threshold THI.

The controller 60 1n one example also or separately
implements selective mode switching between SVPWM and
DPWM modes according to the PWM mode control signal
SVPWM/DPWM at the first output 72 of the switching
frequency and PWM control component 70. The controller
60 in these examples selectively provides the modulated
inverter control signals 66a using SVPWM 1n response to
the mverter current IMEAN being less than the second
threshold TH2, and selectively provides the modulated
inverter control signals 66a using DPWM 1n response to the
inverter current IMEAN being greater than the second
threshold TH2. The selective SVPWM or DPWM mode
operation 1n one example can be allowed (e.g., activated or
ecnabled) by a user setting in 1nitial or subsequent configu-
ration of the power conversion system 100, and when not
allowed, the controller 60 1mplements SVPWM for the
entire output current range with selective switching ire-
quency adjustment according to IMEAN and the thresholds
TH1 and TH2. In certain examples, moreover, the controller
60 implements N selectable switching frequencies FSW
with N-1 thresholds and N current ranges, where N 1s an
integer that 1s greater than or equal to 3.

Referring also to FIGS. 2 and 3, FIG. 2 shows an example
method 200 of operating a power conversion system, and
FIG. 3 shows switching frequency control in the power
conversion system 10 of FIG. 1. In one example, the
controller 60 of FIG. 1 implements the method 200 of FIG.
2. The controller 60 and the example method 200 facilitate
extension of the product lifetime of a motor drive or other
power conversion system 10 by reducing inverter switching
loss through changing PWM scheme (e.g., SVPWM or
DPWM) and/or adjusting the inverter switching frequency
FSW. In operation, the switching frequency and/or PWM
mode adjustment in certain examples lowers the inverter
switching device case temperature variation AT . and extends
the inverter switch lifetime, whether IGBTs, FETs or other
semiconductor based switching devices S7-5S12 are used 1n
the inverter 50. For an IGBT switching device example, the
switching loss and device case temperature are related,
where the IGBT conduction loss P,. 1s approximated as
follows:
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P I.-:z.- chﬂ VL‘IED ] I.-:: - M - CDS(@) Ig ] RﬂE’ -M - CDS‘(@)
c = — + + +
“T 8 3 37

The IGBT switching loss P__. 1s approximated as follows:

In addition, the respective diode conduction and switch-
ing losses P,_. and P, _. for the antiparallel diodes of the
iverter 50 are given as follows:

I? Ry Ve-l, Vp-L,-M-cos(Q)) F-Ry-M-cos(Q)

Pp. +
b 3 on 3 3
W EI"E'I.‘I V ] I.-:r
PDS _ f _ DC
T Vn.ﬂm ) fnﬂm

The IGBT case temperature P__ 1s given as follows:

=1 +1; +1 ;;

Where: 1, =6-(P; +P;+Pn +Pp)2Z;
Zno()=Ry (177 ™4);

I =Pl 1) Lo

Zch (I):R ch (1 _E_ﬂTﬂh)'

The method 200 can be implemented 1n each control cycle
of the inverter 30 to reduce the nverter switching device
case temperature variation AT and extend the service life-
time of the power conversion system 10. The method 200
begins at 202 with the controller 60 selectively enabling the
SVPWM operation and computing the inverter output cur-
rent IMEAN according to one or more feedback signals or
values (e.g., IMEAN=AVG(IUrms, IVrms, IWrms)).

At 204, the controller 60 determines whether the average
inverter output current IMEAN 1s greater than TH2. I not
(NO at 204), the controller 60 determines whether the
average mverter output current IMEAN 1s less than TH1 at
206. If not (NO at 206), the switching frequency and PWM
control component 70 sets the PWM mode to SVPWM and
the switching frequency FSW to FO at 208 for the current
control cycle. If the average inverter output current IMEAN
1s less than TH1 (e.g., YES at 206), the switching frequency
and PWM control component 70 again sets the PWM mode
to SVPWM and sets the switching frequency FSW to FH at
210 for the current control cycle.

If the average inverter output current IMEAN 1s greater
than TH2 (YES at 204 1n FIG. 2), the controller 60 deter-
mines at 212 whether the selective DPWM operating mode
1s allowed (e.g., according to user setup or configuration of
the power conversion system 100). If not (NO at 212), the
switching frequency and PWM control component 70 sets or
keeps the PWM mode to SVPWM and sets the switching
frequency FSW to FL at 214. Otherwise, if DPWM opera-
tion 1s allowed (YES at 212), the switching frequency and
PWM control component 70 sets the PWM mode to DPWM
and sets the switching frequency FSW to FL at 216.

In this implementation, the method 200 includes provid-
ing the modulated inverter switching control signals 66a at
208 at the first switching frequency F0 to operate inverter
switching devices S7-5S12 of an inverter 30 1n response to an
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inverter current IMEAN being greater than TH1 and less
than TH2, as well as providing the inverter switching control
signals 66a at 210 at FL 1n response to the inverter current
IMEAN being greater than TH2, and providing the inverter
switching control signals 66a at 214 and 216 at FH 1n
response to the imverter current IMEAN being less than
THI.

Referring also to FIG. 3, in one implementation, the
method 200 also implements non-zero hysteresis around the
thresholds TH1 and TH2. FIG. 3 shows a diagram 300 with
an example mverter switching frequency curve 302 (FSW)
showing hysteretic transitions implemented by the controller
60 according to the method 200. This example includes
transitioning the switching frequency FSW from FH to F0 in
response to the inverter current IMEAN transitioning above
the first threshold TH1 (e.g., at 204 and 206), as well as by
transitioning FSW from FO0 to FL 1n response to IMEAN
transitioning above TH2 (e.g., at 204 and 212).

In this example, the method 200 also 1includes transition-
ing the switching frequency FSW from FL to F0 (e.g., at 204
and 206) 1n response to IMEAN transitioning below TH2,
and transitioning FSW from F0 to FH (e.g., at 204 and 206)
in response to the mnverter current IMEAN transitioning
below the first threshold TH1. Moreover, certain implemen-
tations of the method 200 also selectively provide the
inverter control signals 66a using SVPWM (e.g., at 208, and
210) 1n response to IMEAN being less than TH2, and
selectively providing the inverter control signals 66a at 216
using DPWM 1n response to IMEAN being greater than
TH2. In one example implementation, as discussed previ-
ously, the first threshold TH1 is less than 0.3 times the rated
current of the power conversion system 10 (e.g., 0.2 times
Irated), and the second threshold TH2 i1s greater than 0.8
times the rated current of the power conversion system 10
(e.g., TH2=Irated).

In accordance with further aspects of the present disclo-
sure, a non-transitory computer readable medium 1s pro-
vided, such as a computer memory, a memory within a
power converter control system (e.g., controller 60), a
CD-ROM, floppy disk, flash drive, database, server, com-
puter, etc.), which includes computer executable instructions
for performing the above-described methods.

Various embodiments have been described with reference
to the accompanying drawings. Modifications and changes
may be made thereto, and additional embodiments may be
implemented, without departing from the broader scope of
the invention as set forth in the claims that follow. The
specification and drawings are accordingly to be regarded 1n
an 1llustrative rather than restrictive sense. The above
examples are merely illustrative of several possible embodi-
ments of various aspects of the present disclosure, wherein
equivalent alterations and/or modifications will occur to
others skilled in the art upon reading and understanding this
specification and the annexed drawings. In addition,
although a particular feature of the disclosure may have been
disclosed with respect to only one of several implementa-
tions, such feature may be combined with one or more other
teatures of the other implementations as may be desired and
advantageous for any given or particular application. Also,
to the extent that the terms “including”, “includes”, “hav-

ing”, “has”, “with”, or variants thereof are used in the

detailed description and/or in the claims, such terms are
intended to be inclusive 1n a manner similar to the term

“comprising”.
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The following 1s claimed:
1. A power conversion system, comprising:
an 1nverter, comprising a plurality of mverter switching
devices coupled to receive DC input power and to
provide AC output power to drive a load; and
a controller configured to provide modulated inverter
switching control signals to operate the inverter switch-
ing devices at a switching frequency to provide the AC
output power according to an inverter current, the
controller configured to:
provide the modulated 1mnverter switching control sig-
nals at a non-zero first switching frequency in
response to the mverter current being greater than a
non-zero lirst threshold and less than a non-zero
second threshold, the second threshold being greater
than the first threshold,
provide the modulated 1inverter switching control sig-
nals at a non-zero second switching frequency 1in
response to the imnverter current being greater than the
second threshold, the second switching frequency
being less than the first switching frequency, and
provide the modulated 1mnverter switching control sig-
nals at a non-zero third switching frequency in
response to the mverter current being less than the
first threshold, the third switching frequency being
greater than the first switching frequency.
2. The power conversion system of claim 1, wherein the
controller 1s configured to:
transition the switching frequency of the inverter from the
third switching frequency to the first switching Ire-
quency 1n response to the inverter current transitioning,

above the first threshold;

transition the switching frequency of the inverter from the
first switching frequency to the second switching fre-
quency 1n response to the iverter current transitioning
above the second threshold;

transition the switching frequency of the inverter from the
second switching frequency to the first switching fre-

quency 1n response to the iverter current transitioning
below the second threshold; and

transition the switching frequency of the mverter from the
first switching frequency to the third switching fre-
quency 1n response to the iverter current transitioning
below the first threshold.

3. The power conversion system of claim 2, wherein the
controller 1s configured to:

selectively provide the modulated mverter switching con-

trol signals using space vector pulse width modulation
in response to the mverter current being less than the
second threshold; and

selectively provide the modulated mverter switching con-

trol signals using discontinuous pulse width modula-
tion 1n response to the mverter current being greater
than the second threshold.

4. The power conversion system of claim 3, wherein: the
second switching frequency 1s less than 2 kHz; and the third
switching frequency 1s greater than 3 kHz.

5. The power conversion system of claim 3, wherein the
first threshold 1s less than 0.3 times a rated current of the
power conversion system.

6. The power conversion system of claim 3, wherein the
second threshold 1s greater than 0.8 times a rated current of
the power conversion system.

7. The power conversion system of claim 3, wherein: the
first threshold 1s less than 0.3 times a rated current of the
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power conversion system; and the second threshold 1s
greater than 0.8 times the rated current of the power con-
version system.

8. The power conversion system of claim 1, wherein the
controller 1s configured to:

selectively provide the modulated mverter switching con-

trol signals using space vector pulse width modulation
in response to the mverter current being less than the
second threshold; and

selectively provide the modulated inverter switching con-

trol signals using discontinuous pulse width modula-
tion 1n response to the inverter current being greater
than the second threshold.
9. The power conversion system of claim 8, wherein: the
second switching frequency is less than 2 kHz; and the third
switching frequency 1s greater than 3 kHz.
10. The power conversion system of claim 1, wherein: the
second switching frequency is less than 2 kHz; and the third
switching frequency 1s greater than 3 kHz.
11. The power conversion system of claim 10, wherein:
the first threshold 1s less than 0.3 times a rated current of the
power conversion system.
12. The power conversion system of claim 1, wherein the
first threshold 1s less than 0.3 times a rated current of the
power conversion system.
13. The power conversion system of claim 1, wherein the
inverter current 1s an average of one or more rms phase
output currents of the mverter.
14. The power conversion system of claim 1, wherein one
of the first threshold, the second threshold, the first switch-
ing frequency, the second switching frequency and the third
switching frequency 1s user configurable.
15. A method for operating a power conversion system,
the method comprising:
providing modulated 1inverter switching control signals at
a non-zero {irst switching frequency to operate inverter
switching devices of an inverter 1n response to an
inverter current being greater than a non-zero {first
threshold and less than a non-zero second threshold, the
second threshold being greater than the first threshold;

providing the modulated inverter switching control sig-
nals at a non-zero second switching frequency 1in
response to the inverter current being greater than the
second threshold, the second switching frequency
being less than the first switching frequency; and

providing the modulated inverter switching control sig-
nals at a non-zero third switching frequency in response
to the inverter current being less than the first threshold,
the third switching frequency being greater than the
first switching frequency.

16. The method of claim 15, further comprising:

transitioning the switching frequency of the inverter from

the third switching frequency to the first switching
frequency 1n response to the inverter current transition-
ing above the first threshold;

transitioning the switching frequency of the inverter from

the first switching frequency to the second switching
frequency in response to the inverter current transition-
ing above the second threshold;

transitioning the switching frequency of the iverter from

the second switching frequency to the first switching
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frequency in response to the inverter current transition-
ing below the second threshold; and

transitioning the switching frequency of the mverter from

the first switching frequency to the third switching
frequency in response to the inverter current transition-
ing below the first threshold.

17. The method of claim 15, further comprising:

selectively providing the modulated 1nverter switching

control signals using space vector pulse width modu-
lation (SVPWM) 1n response to the inverter current
being less than the second threshold; and

selectively providing the modulated nverter switching

control signals using discontinuous pulse width modu-
lation (DPWM) 1n response to the inverter current
being greater than the second threshold.
18. The method of claim 15, wherein: the first threshold
1s less than 0.3 times a rated current of the power conversion
system; and the second threshold 1s greater than 0.8 times
the rated current of the power conversion system.
19. A non-transitory computer readable medium having
computer executable instructions, which, when executed by
a processor, cause the processor to:
provide modulated inverter switching control signals at a
non-zero first switching frequency to operate inverter
switching devices of an inverter 1n response to an
inverter current being greater than a non-zero {irst
threshold and less than a non-zero second threshold, the
second threshold being greater than the first threshold;

provide the modulated mverter switching control signals
at a non-zero second switching frequency in response
to the mverter current being greater than the second
threshold, the second switching frequency being less
than the first switching frequency; and

provide the modulated mverter switching control signals

at a non-zero third switching frequency 1n response to
the inverter current being less than the first threshold,
the third switching frequency being greater than the
first switching frequency.

20. The non-transitory computer readable medium of
claim 19, having further computer executable instructions,
which, when executed by thelt processor, cause the proces-
Sor to:

transition the switching frequency of the mverter from the

third switching frequency to the first switching Ire-
quency 1n response to the inverter current transitioning,
above the first threshold;

transition the switching frequency of the inverter from the

first switching frequency to the second switching fre-
quency 1n response to the iverter current transitioning
above the second threshold;

transition the switching frequency of the inverter from the

second switching frequency to the first switching fre-
quency 1n response to the iverter current transitioning
below the second threshold; and

transition the switching frequency of the mverter from the

first switching frequency to the third switching fre-

quency 1n response to the inverter current transitioning,
below the first threshold.
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